Solution conformation of EcoRI restriction endonuclease changes upon binding of cognate DNA and Mg2+ cofactor.
EcoRI endonuclease has two tryptophans at positions 104 and 246 on the protein surface. A single tryptophan mutant containing Trp246 and a single cysteine labeling site at the N-terminus was used to determine the position of the N-terminus in the protein structure. The N-termini of EcoRI endonuclease are essential for tight binding and catalysis yet are not resolved in any of the crystal structures. Resonance energy transfer was used to measure the distance from Trp246 donor to IAEDANS or MIANS acceptors at Cys3. The distance is 36 A in apoenzyme, decreasing to 26 A in the DNA complex. Molecular modeling suggests that the N-termini are located at the dimer interface formed by the loops comprising residues 221-232. Protein conformational changes upon binding of cognate DNA and cofactor Mg(2+) were monitored by tryptophan fluorescence of the single tryptophan mutant and wild-type endonuclease. The fluorescence decay of Trp246 is a triple exponential with lifetimes of 7, 3.5, and 0.7 ns. The decay-associated spectra of the 7- and 3.5-ns components have emission maxima at approximately 345 and approximately 338 nm in apoenzyme, which shift to approximately 340 and approximately 348 nm in the DNA complex. The fluorescence quantum yield of the single tryptophan mutant drops 30% in the DNA complex, as compared to 10% for wild-type endonuclease. Fluorescence changes of Trp104 upon binding of DNA were inferred by comparison of the decay-associated spectra of wild type and single tryptophan mutant. Fluorescence changes are related to changes in proximity and orientation of quenching functional groups in the tryptophan microenvironments, as seen in the crystal structures.